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The Accident

Pennsylvania-Central Airlines' Flight
410, NC 88842, crashed near a point known
as Iookout Rock, West Virgipia, approxi-
mately 8 miles southeast of Charles Town,
West Virginia, at approxamately 1816
BST,! June 13, 1947, while enroute from
Pittsburgh, Pennsylvania, to Washington,
DC All 50 occupants of the aircraft
wvere lilled at impact and the Douglas
DC-4 was demolished as a result of the
trash and subsequent fire.

History of the Flight

Flight 410 departed Chicago, Illinois,
at 1352, June 13, 1947, on an instrument
flight plan with 1ts destination Norfolk,
Virginia, and with stops scheduled at
Cleveland, Ohio, Pittsburgh and Washing-
ton While enroute to Cleveland at 7,000
feet, the flight reported that a delay
would be necessary because 1t was at-
tempting to circumnavigate a thunderstorm
in the vicimity of Goshen, Indiana  Ap-
proximately 15 minutes later a message
¥as again received from the flight indz-
cating that 1t was not able to ecircum-
navigate the storm and requesting clear-
ance to proceed under 1t according to
contact flight rules This reguest was
approved by Chicago Arirway Traffie Con-
trol on the cond:ition that Flight 410
was able to proceed according to contact
flight rules (CFR) at an altitude of
2,000 feet. Having recelved this amended
clearance, Flight 410 continued under-
neath the thunderstorm and arrived at
Cleveland at 1604, the flight having
consumed 47 minutes more than the one
hour and 25 minutes originally estimated
by the crew. The flaght from Cleveland
te Pittsburgh was routine.

The flight departed Pittsburgh at
1724 and at 1753, 29 minutes later,

1411 times referred to hereln are Fastern Standard
and based on the Z4-hour clock
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reported over the Flintstone Inter-
section, 88 miles southeast of Paitts-
burgh, at 7,000 feet. At 1754 the flizht
recelved a message from Washington Air-
way Traffic Control clearing a1t to the
Herndon Fan Marker to maintain 7,000 feet
until further advised The flight was
also instructed that there would be an
indefinite delay at Herndon but that
approach clearance could be exvected no
later than 1920, which was approximately
one hour and 10 minutes later than 1ts
estimated time of arrival Immediately
after receiving this message the flight
was given the 1730 hourly weather se-
quence report for Washington After
acknowledging receipt of tne Washington
weather report, Flight 410 instructed
the company station at Washington to re-
quest from Airway Traffic Control a
clearance to approach Washington in ae-
cordance with contact flight rules on
the right side of the west leg of the
Arcola radio rarge This reguest was
approved/py Alrway Traffic Control and
at 1803 the flight received a message
clearing 1t to the Washington tower to
¢ross the Arcola radio range station at
or below 2,500 feet and in accordance
with contact flight rules. The flight
was advised that 1f this were not pos-
sible 1t was to hold at 2,500 feet and
s¢ to wnform Airway Traffic Control.
Prior to establishing 1ts descent the
flight was instructed to report when
leaving each 1,000-foot level In ac-
cordance with these instructions Flight
410 reported leaving the 7,000-foot
level at 1805 and two minutes later
another report was received from the
flight 1ndicating 1t was leavang 6,000
feet. The flight reported 1ts position
as "south of Martinsburg" at 1808 and
immediately thereafter reported that it
was leaving 5,000 feet at that time At
1810 another report was received from
the flight, "leaving 4,000 feet." Three
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minutes thereafter the flight again re-
vorted 1ts progress and indicated xt was
leaving 3,000 feet. Approximately 6 min-
utes later the company station at Wash-
ington 1nitiated several calls to the
fiight but, although these transmissions
were continued for several aours, no
contact was established

Investigation

Subsequent investigatior disclosed
that the aircraft had struck a riage in
the Blue Ridge Mountains approximately
two miles east of the Shenandoal River
on the right hand edge of the northwest
leg of the Arcola radio range at an ele-
vation of approximately 1,425 feet The
aircraft had struck the broken rock for-
matior with severe impact force in an
attitude which was laterally level and in
an angle of descent of 2 1/2 degrees
The terrain at the scere of the aceident
slopes upwarc toward tne east at an angle
of approximately twenty degrees, the ele-
vatior of the crest of the ridge being
approximately 225 feet higher than the
scene of the accident. The wreckage was
scattered for a distance of 125 yards
southeast of tne point of initial impact

Inspection of the wreckage indicates
that both the flaps and the under car-
rrage were retracted at the time of 1m-
nact 411 control surfaces were aze-
counted for at the scene of the accident,
and no failure or malfunctioning of the
contrel systems was drsclosed. The dam-
age sustained by tne engine and propel-
lers 1ndicated that all four engines were
developing considerable power at impact.
The settings of the aircraft altimeters
were within one-rundredth of an ainch of
the altimeter setting of Washington
National Airvort which at the time was
29.95 znches of mercury.

Several witnesses were located in the
Shenandoah Valley area west of Loo%out
Rock who had ohserved or heard the air-
craft 1n flight shortly hefore tne ac-
claent Reconstruction of tne flight
path on tne basis of this testimony in-
dicates that Flignt 410 wag proceeding
in a southeasterly direction at an alti-
tude below the crest of the ridge for at
least 10 miles west of tne riage. During
this portion of the flight, the aircraft
was 1ntermittently on instruments as 1t
passed through the bases of low-hanging
clouds.
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During tne five hours following the
time of departure of Flight 410 from
Chicago, ar occluded fronl lay across
Lake Michigan and arced eastward and
southeastward to a point approximately
50 miles west of Detroit From thas
point a warm front extended arregularly
in a southeasterly direction affecting
that portion of the route of Flight 410
from Toledo toc Pittsburgh The weather
along this route was characterized by
broken to scattered alto stratus and
cumulus clouds with thunderstorms 1in the
unstable tropical maritaime air south and
west of the front

In an area anproximately 30 miles
west of Piftsburgh the warm front swung
southward for approximately two hundred
miles and thence eastward to the vican-
1ty of Norfolk, Virgina. The flaght
from Pittsburgh to Martainsburg, there-
fore, was conducted ahead of this slow-
mwoving front The weather in the more
stable maritime air northeast of this
front was characterazed by rain showers
and ground Tog, and by a general absence
of thunderstorm activity.

Statements recexved from nine other
air carrier pilots, whe had heen oper-~
ating over Airway Red 20 at the time of
the accident, indicated smooth flying
conditions. Although heavy showers were
encountered in the vicinity of the acci-
dentl, no turbulence was associated with
these snowers at or below 7,000 feet
No lightning or other andication of
thunderstorms was observed on this route,
the closest thunderstorm having been re-
ported 1n the vicinity of Frederick,
Maryland, whrich 1s 25 miles northeast of
the scene of the zeccident.

The ceilings inm the Martinsburg-to-
Washington area were gradually lowering
during the afternoon of the flight At
the time the flight was cleared by Air-
way Traffie Control to cross Arcola CFR
at 2,500 feet or lower, the weather at
Wasnington was being reported as ceil-
1ng measared 1,190 feet, broken eclouds,
high overcast, visibslity 4 miles, 1light
rain showers.? 4 2,000-foot cerling was
belng reported at Front Royal, Virginia,
30 miles scuthwest of the scene of the
accident, according to the 1730 hourly
seguence At L5032, Martinsburg, which
1s 18 miles northwest of the scene of
the accident rcoo ted estimated ceiling
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2,000 feet, overcast, visibility miles, |
light rain, fog 2 At 1830 the hourly
sequence report for Martinsburg indicated
an estimated ceiling of 2,000 feet, visi-
brlity 1 3/4 miles, rain shower, fog
Statements of witnesses indicate that
rain and low ceilings prevailed in the
Shenandoah Valley west of Lookout Rock at
the time the accidert oceurred, and that
the tops of the mountain ridge, including
the scene of the accident, were defi-
nitely obscured by clouds Light rain
was falling west of the Shenandoah Valley
wnereasing to heavy showers closer to the
ridge

4 study of the maintenance records of
NC 58842 discloses no andications of
serious mechanical malfunctioning The
entire maintenance history of this air-
craft indicates that there were fewer
pilet comvplaints than 1s usual Testi-
mony of pilots who had previously flown
this aircraft indicated that 1t possessed
ne adverse flight characteristics nor haa
any unusual history of mechanical mal-
functioning. The same crew involved in |
the aceadent had previcusly flown this
aircraf't from Waskaington to Cricazo and
reported no malfunctioning to the com-
pany maintenance pérsonnel at Chicago
upon their arraival. A turrn-around in—
spection had been accomplished at
Chicago approximately five hours before
the acecident oceurred, and the inspection
reports indicated that the aircraft was
1n an airworthy condition at that time.
A study of the transcription of all
radio contacts with the flight from
Pittsburgh to Washington disclosed no
indications that the crew were experi~
encing any diffaculty with the aircraft.

The static system installed in the
model DC-4 at the time of the procure-
rent of these arrcraft by the company
was susceptible to accunulation of water.
At the lowest point rn the static lines
between the two flush static source
vents which are on the sides of the fuse-
lage and the static manifolds, there 1s
located a receptacle, or bulb, into whicn
water would drain from the static lines.
It was determined that water could enter
the static source while the aircraft is
on the grouna during a driving raln or
while the aircraft 1s keing washed down,
and, 1in this system, water would flow
down the static line i1nto the drain bulb.
One such bulb serves the static lines

2
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from hoth static sources. Pilot state—
ments were received by the Board in the
ecourse of the investigation which indai-
cated that failure of the altimeters in
this medel aircraft has been experienced
due to restrictron of the static lines
as a result of excessive water accumula-
tion and that these failures had been
brought to the attention of the combany
As a result of such reperts, the company
initiated a vroject for the rerouting of
the static lines to provide a six-inch
rise between the static source vents and
the drain bulb This modification had
been accomplispned prior to the date of
the accidert on all DC-4 aircraft oper-
ated by the company, including the air-
craft invelved in the accident The rec—
ords of the company incicate that exces-—
sive water accumulation has never been
experienced in this model since these
modifications were accomplished.

The alternate and pramary static
source selector valves are actuated by
mechanical toggle switches, one of which
1s incorporated in the pilot and copilot
static systems respectively The selec-
ton switches, 1n this instance, were
equipped with guards designed to prevent
inadverient change of position Testi-
mony of Douglas Aireraft Company engi-
neers indicates that the maximum error
experienced in use of the alternate
source 1s approximately 200 fTeet Al-
though one of tle selector switches was
~ecovered in tnis instance, the guard
was tightly ecrushed against the switch in
suck a manner that 1ts position previous
to 1mpact could not be determined.

Tl.e route data contained in the com-
pany pilot's flight manual indicates a
minimum altituce of 3,000 feet between
Martinsb.uarg and Herndon, and 1,500 feet
between Herndon and Washington via Air—
way Red 20 Airway Red 61, from Martins-
burg to Washaington via Arcola, 1s 1mmed-
lately adjacent to Airway Red 20. The
site of the Herndon fan marker 1s nine
miles northeast of that of the Arcola
radio range station Although the Civil
Aeronautice Administration had recently
arovroved the use of Airway Red 61 by PCA,
1t had not published any minimum alti-
tudes for this airway The ecompany had
not put into operation minimum enroute
altatudes for Airway Red 61, nor had 1t
authorized 1ts pilots to utilize this
route The northwest and southeast legs
of the Arcola radio range are oriented
along Airway Red 61 and comprise the
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primary navigetional reference along thas
route. The terrain between Martinsburg
and Washington, along both Airway Red 20
and Airway Red 61, rises to a maximum
elevation of between 1,600 and 1,500 feet

Several watches and c¢locks, which had
been stopped as a result of impact forces,
were found i1n the wreckage. The times
indicated by these time pieces varied
from 1812 to 1822, the average of all
indications heing 1816 15 The ship's
cloecks were disintegrated at impact

Captain Horace Stark, pilot in com-
mand of Flight 410, had been engaged in
fiying operations for 28 years and most
of his flight experience had been ob-
tained in the northeastern United States
He had been 1in the emploj of Pennsylvania-
Central Airlines and 1ts predecessor
companies for 14 years During this en-
tire period he was engaged in flying over
the Pittsburgh-Washington route and was
qualified under the provisions of the
Civil Axr Regulations to pirlot air car-
rier aircraft between those points

Discussion

Inherent difficulties exist 1n de-
termining the probasble cause of accidents
of this character In a collision with
terrain in full flight normally all
occupants of the aircraft are killed up-
on impact, the alreraft itself 1s usually
demolished and fire ensues HBut the ex-~
amination made by the Board, though it
may leave "probable™ cause to some sur-
mise, has brought forth matters of con-
siderable moment

This accident, as many others, had a
final concluding cause but the chain of
causation which enabled the final unfor-
tunate event to occur reaches far back
The first of these that can be noted
inheres 1in certain aspects of the exast-
ing system of airway traffic control

It will be noted that Airway Hed 61
was approved for use by the Civil Aero-
nautics Admwinistration without any pub-
lication of a minimum altitude for flight
under instrument conditions Indeed,
the whole subject of what are minimum
altitudes and who prescribes them was 1in
considerable confusion at the time of
the accident This 1s evidenced by the
fact that a number of witnesses from the
Airway Traffic Control Section of the
Civil Aeronautics Administration were
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unable to state who, 1f arjone, pre-
scribes sucl minimum altitudes and what
effect follows upon their establishment

The basic minimurm altitude for all
flying under instrument conditions over
all terrain on or off any c¢ivil airway
1s established at 1,000 faet above ter-
rain by Civil Axr Regulation &G 23.°
This reguirement wrll, of course, provide
no uniform flight level over any particu-
lar route since the height of the ter-
rawn will vary. In the Airman's Guide
minimunm altitudes for most routes are
published, but these minimum altitudes
are merely advisory and flaght below
those altitudes as long as 1t 1s 1,000
Teet above terrain violates no regula-
tion

Meanwhile the companies, for opera-
tional purposes, establish thelr own
minimum altitudes The precedure for
deing this, though 1t does not seem
wholly uniforr, 1s to set forth these
minimuins in tre corpany's operating man-
uals and not 1n the operating certifi-
cates. Mipimums governing landings and
take-offs, however, are included in the
company's operating certificates The
consequences of this differentiation
seem, at least, two (a) operating cer-
tificates are "approved" by tne Civil
Aeronautics Administration, operations
manuals, though they may be scrutinized
by the Civil Aeronautics Administration,
are not "approved," and (b} departure
from the operating certificate 15 a vio-
lation of the Civil Air Regulations 1n-
volving legal consequences, departure
from the operations manual of 1tself 1s
not a "violation," whatever disciwlinary
action the company may take against 1ts
personnel for such deparlures

The minimums establisned by the com-
panles under this procedure vary from
bothh each other and those publisned in
the Airman's Guide The situation is
further complicated by the fact that the
Army has its own minimurs established on
a different basis. It therefore became
apparent that the necessity existed for
a general standardization of minaimum en-
rcute altitudes Any alteration in tre
minlimum enroute altitudes in general will
of necessity require that attention also
be given 1initial instrument approach

“Part 60, AIr Traffic Rules, August 1, 1545
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altitudes in order that no confliet ex-
1st between the two

The problem of minimum altitudes for
tnstrument conditions 1s of great signaf-
i1cance to mere operational safety in
flight But 1t 1s of equal significance
to airway traffic control, for without
estanlished mipimums 1t 1s impossitle
accurately to know what flight lanes can
be wade avarlablie to aireraft. If the
minimums vary, the airway traffic con-
troller must keep these varaiations in
rind, ouherwise he mey give a clearance
to anrcraft of one company which for the
prlot of that company to accept would
involve an infraction of his company's
rules Pilots of another company miglrt,
however, accept such a clearance with
impun:iy.

If one realizes the significance of
minimums to airway traffic control, the
wisdom of the Civil Aeronautics Adminis-—
tration in approving a new airway for
use without even publishing a minimum ]
must be regarded as debatable True,
Airway Red 61 was immediately adjacent
and parallel to Airway Red 20, and pre-
sumably the published minimuzn of 3,000
feet for the latter would be applicable
to the former since the nature of the
terrain underlying the two was essen-
tially similar But care for technical
correctness in these matters, as will be
seen, is of the highest moment.

For exemple, 1t was testified that
the published Airman's Guide minimums

and tne company minimums are posted at
the head of the board on which the traf- |
fic over any particular airway 1is posted
But thils could not have happened in the
case of Airway Red 61 since no minimums,
other than those provided by CAR 80 23,7
vere in existence for this airway

This 1§ of particular importance with
regard to the nature of the clearance
given to the aircraft in this case it
w1ll be remembered that Flight 410 was
originally cleared to the Herndon fan

marker over Airway Red 20 at 7,000 feet
to hold until further notification The
flight was told that, due to the traffac
situation around Washington, a delay of
over an hour might be expected at that

point  Flight 410 then called 1ts com-
pany communication station to request a

51=’al" 60 —Alr Trafflec Rules {effective August 1,
1945}, 3 60 2 Instrument flight rules (IFR}, 5 60 23
Mimmum altiiudes  EXcept when necessary for taking
off or landing, alrcraft shall be flown net less than
1,000 feet above the surface
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contact clearance down the west course
of the Arcola radio raunge This was
transmiited to Airway Traffic Control
and & clearance granted to the flight to
proceed to the Washington tower to cross
the Arcola radio range station at or be-
low 2,500 feet and 1n accordance with
contact flight rules The flight was
also advised ttat 1f 1t were not possi-
ble to maintain contact 1t should held
at Arcola at 2,500 feet and inform Air-
wvay Traffic Control

This series of events involves matters
for craiticism of three parties In the
first place, the pilot 1n asking for this
clearance was asking for something 1in
viclatior of corpany rules. The use of
the Arcola range had not been authorized
by the company, nor had the pilot been
gqualzfied to £ly 11 However, it must
be recognized that i~ view of the pilot's
exceptionally long experience over this
area sucl laeck of qualification 1s only
a techniacalaty In the secona place,
the compeany dispatcher, whose business
1t 15 to supervise matters of this char-
acter, was totally unconversant with the
fact that the Arcola range had not been
approved for use by the company and that
the pilot had not been gqualrfied to fly
1t As a matter of practice, air traf-
fic control clearances are delivered by
the company communication station to the
prlot and the commwany dispatcher simul-
taneously In this instance the dis-
patcher raised no guestion as to the
propriety of the captain’'s request for
the tlearance nor to the appropriateness
of the provisions of the clearance pro-
vided by Airway Traffic Control

In the tnird place, the clearance was
faulty for many reasons Lnder exasting
instructions Airwa)y Traffic Control is
not authorized to give a pilot a clear-
ance below minimums unless requested by
the pilot and the pilot must then be ad-
visea that the clearance 1s below the
mininum The minimum that Airway Traffic
Control must use 1s the miramur estab-
lished by the company But 1f no such
minimum has been established or 1s read-
11y available, the controller shall use
the minimum published 1in the Airman's
Guxde If neither of these minimums 1s

6"JﬂLTC‘ clears Capltal four-one-zero Lo the

Washlngton tower, cross Arcola at or below two thou-
sand flve hundre¢, CFR approach, If not possible bold
two Lthousand flve hundred at Arcola and advise

Trafflc 1s eastbound over Front Royal one-seven-five-
four, seven thousand descendlngto [ive thousand —HB "
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avallable the rule 1s unclear as to what
should be done but in any event CAR 60
establishes the lowest possible minirum

An examinatioen of tle clearance shows
tnat no regyuest for a ciearance beneath
minirurs was ever made by the pilot. All
he asked for was a contact clearance.
Apain, the pilot was never advised that
1lie clearance was below minimumns. The
clearance was below any standard of a
mininum For this dirway If one should
assume that tne minirum for the paralliel
Axrway Red 2} governed this range, tne
clearance was pelow the 3,000 feet pro-
vided by the company for both instrument
anq,cortact ¢perations ard below the
minimur altrioede preseribea by the Air-
man's Guide for instrurent operations.
If one should deen these minimums did
not govern, the clearance authorized
flight on instruments less than 1,000
feet above tne terrain ©

The clearance, in short, authorized
the pilot who was then on instrurents to
descent below 3,000 feet to 2,300 feet
or below 1n order to make contact and go
into Washington contact. The clearance,
mereover, 1n essence 1nvited such a ma-
neuver. TFor 1f the pilot was still on
wnstruments at 3,000 feet and closc not
to descena to 2,300 feet or below, be
had no alternative except to reguest
Airway Traffic Control for & new clear-
ance. The clearance thus was Faulty anu
shoild never have been offered by the
controller nor accepted by the pilot

But the clearance though clearly a
contributing cause was neot the eventual
cause of the accident. It 1s the pi-
lot's ultimate responsibility so to op—
erate his aircraft, whatever clearance
ne receives, to avoid collision with
terrain The pilet of this aircraft was
familier with the general characteris-~
tics of the terrain between Martinsburg
and Washington. Wevertheless he was

7

TAIC—IFR, Standards for the Control of Instrunent
Fllght Rale Traffic 72 OO Mimimum Altriude Alcitudes
below the mlInimam safe altltude specliled In CAR
o0 or by an alrcraft operator shall not be asslgred
4 pilot's requect for such altltuces may be approved
1f known trafZic corditions permlit The pllot shoulc
be advlsed, nowever, that the reguedtec altltuce 1s
velow rainlram If tre publicatlon contalr,rg the
rinlmms speclfled by an alrcraft operator 1< noc
avallable, the ririmum altltudes shosn In Alr saviga-
tier Padic 2lds sheould be used 23 a gulde "

8The cortiroller testifled that because no enroute
minimms seemed to exlst for thls partlcular route,
he referred to an aeronauticcl chart “or an indics~
tlon of tre helght o1 the terrain betwsen Ma-tinsburg
and Wasbington The controller mlsread the chart for
he admltted that be concluced no terraln exlisted In
this ares Figher then 1,000 feet
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flying at an elevation of 1,425 feet
over terrain that at points rose to
greater heights

The guestion that naturally arises 1is
whether the pilot knew that his altitude
was only 1,425 feet. It should be noted
1in this connection that the pilot re-
ported, as required, vacating every 1000~
foot level save the 2000-foot level
Too much emphasis should not be placed
on this fact alene, for delay 1n report-
ing having left a particular level may be
occasioned by attention to other duties
and 1s alleged to be a somewhat common
practice ¢

The pilot would, of course be mis-
taken as to the altitude he was maintain-
ing 1f the altimeter failed to report
correctly Altimeter errors have been a
subject of considerable inguiry partlcu-
larly since this accident They do
occur, due to a variety of causes Among
those, which it is difficult to believe
could have played a part in this case,
are temperature variations, an abnormal
enroute barometric pressure variation,
and the effect of strong air currents
over mountainous terrain But there are
two possible sources of altimeter error
which must be examined.

The first 1s that, unknown to the
pi1lot, the selector switch between the
alternate and primary static systems may
have been 1n a position other than "pri-
mary " The possibility of this having
happened seems remote since the switches
were safety-wired in the "pramary" posl-
tion and, furthermore, both switches were
provided with guards designed to prevent
inadvertent change of position It must
be recalled moreover that had such an
occurrence taken place in spirte of these
precautionary measures the maxlmum error
which could be attributed to the use of
alternate source 1s 200 feet Unlike the
switches of earlier design used in this
model, the switch installed in the air-
craft involved in the accident was so
constructed that no position along 1ts
total vertical travel could shut off beth
static sources simultaneously.

The second 1s the restriction of the
static 1lines due to water accumulation
flooding the static drain bulb With the
cooperation of the carraer, the Civil
Aeronautics Board has, since the date of

9A reasoh for delaying 2 repo~t of this character
for 4 minute or so 1s that the pllot does not want
the level he 1s vacatirg to be occupled DY another
craft urtll he 1s safely out of that level
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this accident, conducted flight tests to
determine the effect of such water accum-
ulation It was observed that during
descent the indications of the altimeter
were retarded and the indications of the
air speed indicator were progressively
greater than actual. In other words,
were this condition to prevail for a
period of several minutes, it 1s possiole
for the aircraft to descend to an alti-
tude more than 1,000 feet lower than the
altitude being indicated in the alti-
meter It is significant to note, how-
ever, that the company had provided the
aireraft involved in this accident with
a static system which was not suscentible
to the water ac¢cumulation descrlbed
above It must be concluded, therefore,
that altimeter errors resulting from
water accumulation did not exist i1n this
instance The (1vil Aeronauties Board
hes investigated this situatlon through-
out the country in order to ascertain
that similar precautlonary measures have
been initlated to enecompass all users of
DC-4 equipment to insure against the
accurrence of a similar accident due to
serious altimeter errors. This investi-
gation disclosed that all BC-4 static
systems now possess a rlse in the pri-
mery statle lines similar to that de-
signed by Pennsylvania-Central Airlines
and that no serious water accumulation
has been experienced by any other opera-
tor since such a provision has been in-
corporated in the statie system

The fact remains that the pilot exer-
cised poor judgment in attempting to
conduct the flight between Martinsburg
and Arcola at an altitude less than
3,000 feet. He was clearly prompted by
the desire to become contact and thus
avold the delay that would Dbe occasicned
by having to hold eilther over Herndon or
Arcola It is patent that he did not
establish contact at 3,000 feet, for
even though he may have had occasional
vertical reference to the ground, he
could hardly have had any forward visi-
bility The testimony of the witnesses
indicates clearly that the aircraft sub-
sequently passed intermittently through
low clouds at an altitude below the
crest of the ridge and that, immediately
before impact, i1t entered a dense cloud
covering the top of the ridge. There 1s
further grave doubt that the pilot had an
appropriate realization of his position
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At 1808 he reported 'south of Martinsburg,"
put 1t 1s clear that he was not directl}y
over the range station at that time.
Moreover, Lhe testimony of the witnesses
establishes that he was not maintaining
a straight flight path between
Martinsburg and the scene of the accil-
dent It can be concluded, therefore,
tnat the pilot was not certain of his
location, and the evidence 1s strong to
Indicate that for one reason or the
other he was seeking to make visual con-
tact with the terrain at an altitude
known to him to be below 3,000 feet

There remains one further question,
namely, that raisedby the position of the
mixture controls at "full riech " Due to
the locking devices present on these
controls their position could not have
been shifted by impact It has been
suggested that the existence of these
controls in that position 1s indicative
of lack of adeguate engine performance.
But this suggestion seems hardly tenable
All four controls were at "full rich "
For all four engines to give trouble si-
multancously would be extraordinary
foreover three minutes elapsed between
the last communication from the pilot,
that of leaving 3,000 feet, and the time
of impact. Some communication with the
company dispatcher would normally have
occurred had engine trouble been experi-
enced. Since the testimony of lay wit-
nesses who observed the aircraft did not
1ndicate malfunctioning of the engines,
since the angle of descent as established
by investigatlon at the scene of impact
indicates a normal path of descent and,
since the inspection of the power plants
themselves disc¢losed no cause for mal-
functioning, 1t must be coneluded that
the engines were operating normally prior
to end un to the moment of impact

The position of these controls actually
sunports the earlier thesis®™ To place
them at "full rich" puts the piloet in a
position where rapid c¢limb can be imme-—
diately undertaken without movement of
these controls It supports the thought
that the pilot in descending and seeking
for contact conditions was somewhat un-
certain of his position and consequently
as a precaution placed the mixture con-
trols in "full rich" in order to gtve
him an opportunity immediately to climb
in the event that such a maneuver became
necessary
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Findings

On the ha<is of ali avallablie evidence
the Board Tinds tnau.

1 The aircraflt, cres and commany were
nroperly certifacated

2. Flight 418 departed Pittsburch,
Pennsylvania, at 1724 to cruise to
Washington at 7,000 feet on an instrument
flight plan.

3 At the time of departure the ailr-
craft was properly loaded wite respect to
maximum gross weigrt and tle center of
gravity location

4 Ir the vicinlty of the Flintstone
Intersection, the flight was ¢leared to
the Herndon fan maker to 7,000 feet and
advised that a delay of approsimately one
hour and 20 minutes could be expected

5 The pilot requested permission to
approach Washington in accordance with
contact flight rules on the nerthwest
leg of the Ar=¢ola radio range

€ Alrway Traffic Control cleared
Flight 410 to cross Arcola at 2,300 feetl
or below in accordance with contact
flight rules, and, in the event that
this was not possible, to hold at Arcola
at 2,500 feet and so to inform Alrway
Traffic Control

7. The airway between Martinsburg and
Herndon 1s contiguous to the ai~way he-
tween Vartinsburg ard Arcola, Herndon
being nine miles northeast of Arcola,
and the contour of tne terrain 1s essen-
tially the same over each route,.

8 The existing company enroute mini-
mum zltitude between yartinsburg and
Herndon is 3,000 feet for both instru-
ment and contact flight

9 No enroute minimum altitude be-
tween Martinsburg and Arcola had been
published in the Arrman's Guide before
the route was put inte operation

10 The company had not authorized
operations on the Martinsburg-Arcola
route, nor published any minimum alti-
tudes governing it

11. The pilot requested a clearance
on the Arcola range contrary to estab—
lished company operating procedures.

12 The company dispatcher made no
effort to determine whether the clear-
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ance that was regquested and the clear-
ance that was given was in accordance
with company procedures

13 The clearanrce given was not in
accordance with instructions then gov-
erning Adrway Traifile Control.

14 Five minutes after reporting
naving passed south of Martinsburg, the
flight reported descending below 3,000
feet.

153. The aircraft was seen west of a
ridee of mountains waich maralleled the
Shenandoah River maneuvering in a south-
easterly direction at an altitude below
the crest of the ridge

i8 After entering a cloud whach
covered the top of the ridge, the ailr-
craft crashed at an elevation of approx-
imately 1,425 feet near a point known as
Lookout Rocwk, West Virginia, and was de-
molished by impact and subsequent fire

17 The aircraft struck the ground in
an attitude which was laterally level
and in g slight descent.

18 No malfunctioning of the primary
alreraft structure the control system,
or the power plants occured prior to im-
pact

19 Until the time of {the accildent,
the pilot and copilot had flown a total
of 8 hours and 6 minutes in the preceding
12-hour period.

Probable Cause

The Board finds that the probable
cause of this accident was the action of
the pillot in descending below the minimum
enroute altltude under cqnditions of
weather which prevented adquate visual
reference to the ground. A contributing
cause was the faulty clearance gilven by
slrway Traffic Control, tacitly approved
by the company dispatcher, and accepted
by Flight 410.

BY THE CIVIL AERONAUTICS BOARD
/st J ¥ LAVDIS
/si HARLLEF BRANCH
/s/ JOSK LhE

Ryan, Vice Chairman, did not take part
in the decision.



Appendix

Several of the deficiencies in regula-
tion, administration and operation of air
carriers considered 1n the course of the
investigation of this accident were being [
studied by the Cavil Aeronautics Admini-
stration, the Civil Aeronautics Board,
and agencies of the aviation industry '
prior to the date of this accident How- E
ever, much of the impetus toward imple-
mentation of corrective action came as a
result of specific recommendations of the
President's Special Board of Inquary on
dir Safety which explored the numerous
problems assoclated with or responsible
for this and other recent accldents

A summary of corrective action fol-
lows

1 The Civil Aeronautics Board promul-
gated a revision of Part 60 of the Civil
Alr Regulations, October §, 1947, which
provided for the establishment of minimum
enroute Iinstrument cruising altitudes by
the Administrator of Civil Aeronautics
The Civil Aeronautics Administration has
esteblished such minimum enroute instru-
ment altitudes wherever practicable,
where these minimums have not been estab-
lished, ailreraft will not be flown lower
than 2,000 feet above the terrain under
instrument flight rules conditions in
mountainous areas designated by the
Administrator.

2 The Civil Aeronautics Board has
circulated a proposed amendment to Parts
42 and 61 of the Civil Air Regulations
which 1s designed to reguire a minimum
¢learance of 2,000 feet for night visual
flight rules operation over mountainous
terrain, except over routes on which the
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Administrator may find that existing
navigational facllitles permit equivalent
safety at lower altitudes inder no
conditions will such altitude be less
than 1,000 feet above the terrain

3 The Administrator of Cival Aero-
nautics called o conference of all air
TJines and of his regional personnel in
order to establish enroute cruising
altitudes and initial avproach altitudes
which are completely uniform for all air
carriers throughout the ynited States

4 The Administrator of Civil Aero-
nautlcs has 1ssued appropriate instrue-
tions to Civil Aeronautics Administration
personnel prohiblting the issuance of
Airway Traffic Control clearances helow
established minimums

5 Existing manuals and instructions
governing the issuance of clearances by
Airway Traffic Control are currently
being modified by the Civil Aeronautics
Administration with a view toward sim-
plifying them

6 On (Qctober 10, 1947, the Civil
Aeronautics Board adopted a special
c¢ivil air regulation which required the
installation of absolute terrain warning
indicators in addition to aneroid alti-
meters in all scheduled air carrier air-
craft Production difficulties regquired
the postponement of the effective date
from January 1, 1948, to February 15,
1848. As of that date such equipment
will be mandatory in all alir carrier air-
craft

7 Further studies with reference to
altimeter errors are being conducted by
the National Advisory Committee for Aero-
nautics and by the scheduled air carriers.

()



Supplemental

Investigation

The Board was informed of the accident
at midright, June 13, 1347, and investi-
gatlon was initiatea immediately in
accordance with the provisions of Section
702 (a) (2) of the Civil Aercnautics Act of
18938, as amended Investigators of the
Roard's New Yorhk Office arrived at
Leeshurg, Virginaa, at U800 the following
morning, and shortly after the wreckage
was located from the air they proceeded
toward the scene of the accident, arriving
at 1400, June 314 4 public hearing was
ordered by the Board and was held in
Leesburg, Virginia, July 2 and 3, 1947

Air Carrier

Pennsylvania-Central Airlines 1s incor-
porated 1n the State of Delaware and
maintains its headquarters at Washington,
D C At the time of the accildent, a1t
was operating under a certificate of pub-
lic convenience and necessity and an air
rarrier operating certificate, both
issued pursuant to the provisions of tne
Clvil Aeronauties Act of 1938, as
amended These certificates authorized
the company to transport persons, prop-
erty, and mail in scheduled alr commerce
between various points in the United
States including Chicago, Iliinols, and
Washington, B C.

Fiight Personnel

Captain Horace Stark, age 46, of
Arlington, Virginle, was the pilot of the
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alrcraft He possessed an airline trans-
port prlot rating and until the date of
the accident had accumulated a total of
18,001 hours, of which 1,309 hours had
been accumulated in DC-~-4 type equipwent.
First Officer R N Creekmore, age 238,
of Alexandria, Virginia, was copilot of
the aircraft He possessed apr airline
transport pillot rating and had accumu-
lated a total of 2,313 hours, of which
1,833 hours were accumulated in DC-4
type equipment Miss Margaret Wells of
Guntersville, Alabama, was hostess

&ircraft

Tne Douglas DC-4, NC-88842, serial
number 3112, had bheen operated a total
of 8,038 hours since its manufacture in
October 1942, It was equinped with four
Pratt and Whitney R-2000-7 engines,
which had accumulated a total of 2,763
hours, 1,199 hours, 2,336 hours, and
1,745 hours for the numbers 1, 2, 3 and
4 engines, respectively, of which 195
hours, 385 hours, 643 hours, and 438
hours, respectively, had been accumu-
lated since the last major overhaul
Hamilton Standard propellers were 1in-
stalled At the time of departure from
Paittsburgh, the gross welght of the air-
craft was approximately 6,000 pounds
less than the maximum authorized and the
l1oad was distributed with respect to the
center of gravity within approved 1lim-
its



